The Pylorus: Its Function and Some Surgical Considerations by H Daintree Johnson FRcs (London) I shall first describe the mechanism of gastric emptying, as I see it, based upon the work of Quigley (1942) and others, and upon my own observations and consistent, I believe, with the findings reported by Dr D A W Edwards (p 930).
It is an observable fact that peristaltic waves in the stomach do not always meet across the lumen. Yet when they do not meet no delay in gastric emptying results. A peristaltic wave which fails to obliterate the lumen makes the same sort of contribution to gastric emptying as is made to the emptying of a bath by swishing the water towards the waste-pipe with the hand.
The stomach undergoes occasional bursts of 'hunger spasms' which I consider have nothing to do with gastric emptying; indeed, they mostly occur when the stomach is empty. Manometric studies (Fig 1) have shown that, except during the hunger spasms, intragastric pressure remains fairly constant, and is unaffected by peristaltic activity. There is simply a constant steady squeeze due to muscle tone. not to prevent material from flowing from stomach to duodenum, which indeed ordinarily occurs throughout cap diastole under the influence of gastric tone. Its purpose is to prevent reflux into the stomach during cap systole.
The tone of the second part of the duodenum is high, as is shown by the difficulty in filling and demonstrating this segrnent radiologically. Indeed, I have found its internal pressure to be higher than that of the stomach. If it were not for the pylorus, contraction of the duodenal cap would partly empty the cap back into the stomach instead of wholly into the second part of the duodenum.
The whole mechanism of gastric emptying closely resembles, on a less vigorous scale, the mechanism of the heart; the auricle taking the place of the stomach, the ventricle that of the duodenal cap, and the mitral valve representing the pylorus. The difference between the high pressure in the aorta and the low pressure in the great veins and auricle is paralleled by the high tone of the duodenal second part and the lower pressure in the stomach. Like the heart, the gastroduodenal pump drives fluid from a region of low pressure to one of high pressure.
Since the pressure in the second part of the The duodenal cap behaves quite differently from the stomach and resembles a little muscular bag undergoing rhythmic systole and diastole. During diastole intraluminal pressure is slightly below that in the stomach, but during systole it rises above the gastric level. This observation proves beyond doubt that during duodenal cap systole its cavity is separated from that of the stomach.
Through a gastroscope the pylorus can be observed to be open most of the time. As a wave of peristalsis passes down the antrum and reaches the pylorus, the latter is seen to close. It remains closed for only a few seconds and then relaxes again, remaining open until it is reached by the next peristaltic wave.
The function of the pylorus may be deduced from these observations. Its purpose, I suggest, is duodenum is higher than that in the stomach the pylorus is quite unnecessary for preventing material from leaving the stomach too quickly. The fact that it has no such function is well demonstrated by the old experiment of exteriorizing the duodenal cap of a dog. The stomach contents all escape at once and the pylorus shows no capacity to retain them.
The pylorus is not essential for the working of the gastroduodenal pump, though the pump is less efficient without it and much more reflux of bile into the stomach occurs. This is seen after gastrectomy with gastroduodenal anastomosis, when stomach emptying proceeds fairly normally. However, the free entry of bile into the stomach often causes nausea and bilious vomiting, one of the most troublesome of postgastrectomy complications. After Polya gastrectomy with gastro--Section ofRadiology jejunal anastomosis, the zone of high pressure in the second part of the duodenum has been bypassed and gastric emptying is abnormally influenced by gravity. In the erect position emptying is often precipitate, and a patient who has had a gastrectomy sometimes has to lie down after meals to relieve the symptoms of 'dumping'.
Scarring from a duodenal ulcer interferes with cap systole and slows down gastric emptying by preventing normal diastolic filling. At operations for so-called pyloric stenosis narrowing of the canal is often not in evidence at all. Indeed, scarring of the pyloric canal itself may cause pyloric incompetence instead of stenosis. The stomach then dilates for the same reason as the auricle dilates in mitral incompetence with regurgitation.
By pyloric stenosis the clinician now means the clinical picture accompanying gastric retention, and it would be wrong to assume that he can differentiate between gastric retention due to antral stenosis, duodenal stenosis, true pyloric stenosis or pyloric incompetence. The term pyloric stenosis covers them all. Stenosis of the canal itself is a relative rarity.
'Functional' Obstruction and 'Organic' Obstruction Clinically it is customary to distinguish between so-called functional and organic obstruction. The essential difference between them is that functional stenosis is reversible. It is due to the cedema and spasm associated with ulcer activity and will respond to antacid therapy. Pure organic obstruction is due to scarring and more often than not the ulcer-is healed. To treat pure organic pyloric obstruction by diet and alkalis is a waste of time. There is no alternative to surgery.
However, the largest clinical group of patients have neither pure organic nor pure functional obstruction, but a combination of scarring and the cedema and spasm of an active ulcer. These patients respond best to a period of medical treatment followed by surgery after a few weeks.
Obstructio'n and gastric retention due to cedema and spasm alone -without scarring -is uncommon, but is seen occasionally and --these patients do not necessarily have a bad prognosis without surgery.
Effects on Gastric Secretion Pyloric obstruction has an interesting effect on gastric secretion. So-called free hydrochloric acid usually disappears from the resting juice and may not be found even after histamine injection. This used to be said to be due to destruction of the power to secrete acid due to gastritis brought on by retention. It was recognized that stomach washing would cause a return of the acid, and this was held to be due to cure of the gastritis. However, a single thorough stomach wash may achieve this result, which would be a remarkably quick cure of gastritis if this were really the explanation.
A more likely explanation is that, in the presence of retention, secreted acid is mopped up, neutralized, and buffered by the retained food residues, mucus and swallowed saliva, so that its presence is masked. As soon as all this material has been adequately washed out the plentiful presence of hydrochloric acid may again be demonstrated. Indeed the patient is usually found to secrete acid excessively (Fig 2, Table 1 ).
The mopping up of acid by material retained in the stomach exerts an important curative effect on a duodenal ulcer, and pyloric stenosis, when it becomes marked, usually results in the healing' of an ulcer beyond the obstruction.
However, retention of protein in the stomach has another effect. It is apt to promote prolonged secretion of gastrin and hence of hydrochloric acid. This acid retained in the stomach may not menace the duodenum, but often succeeds in undermining the defences of the stomach itself.~a Hence gastric ulceration is a not uncommon complication of gastric retention (Johnson 1955) and the combination of a gastric ulcer with gastric retention may be difficult to demonstrate radiologically. The usual sequence of events when duodenal and gastric ulcer are present together is that the duodenal ulcer appears first. The patient then develops some gastric retention and a gastric ulcer appears. A gastric ulcer may complicate gastric retention from any cause unassociated with achlorhydria. After observing that gross retention often followed vagotomy when, years ago, it was performed without a simultaneous drainage procedure, I speculated that gastric ulcer would be a sequel (Johnson 1948) . In due course gastric ulcers began to appear, and this is one reason why the operation of vagotomy alone had to be abandoned. I have also twice seen benign gastric ulcers in stomachs obstructed by small prepyloric carcinomas.
The important thing for the surgeon to realize is that patients with combined duodenal and gastric ulcers are hyper-secretors of acid, like duodenal ulcer subjects, and not hypo-secretors like other gastric ulcer patients. He must therefore treat them radically, and not with the very conservative Billroth I procedure now rightly becoming increasingly popular for most gastric ulcers.
The clinician's main concern in pyloric obstruction should always be to make sure he does not mistake a malignant lesion for one due to a peptic ulcer. Some years ago I was asked to see a woman of 24 who had been treated for four years for a duodenal ulcer. In the final month of a pregnancy she began to vomit with increasing frequency and severity, and radiography showed her to have pyloric obstruction. Labour was induced prematurely. Immediately afterparturition I operated on her and found a large unresectable carcinoma.
Organic pyloric stenosis, whatever the cause, is a dangerous condition carrying substantial mortality. A cancer cannot always be excluded radiologically, but this is only one of the reasons why organic pyloric stenosis should always be treated surgically as soon as recognized.
